Molecular studies in Finnish patients with familial juvenile nephronophthisis exclude a founder effect and support a common mutation causing mechanism S Ala-Mello, E-M Sankila, 0 Koskimies, A de la Chapelle, H Kadriainen Abstract Familial juvenile nephronophthisis (NPH) is an autosomal recessive tubulointerstitial kidney disease associated with formation of medullary and corticomedullary cysts. It progresses to end stage renal failure and its biochemical defect is unknown. An NPH locus has been assigned to a 2 cM interval on chromosome 2q13 by linkage studies. Homozygous deletions of approximately 250 kb have been detected in 80% of familial cases and 65% of sporadic cases and a common mutation mechanism has been suggested. We examined 14 Finnish families for the presence or absence of a deletion. After detecting a deletion in 12 patients belonging to nine families, we studied a possible founder effect by haplotype analysis using markers D2S340, D2S1889, and D2S1893. No common ancestral disease associated haplotype was found suggesting no founder effect. Results ofpairwise linkage analyses were suggestive of linkage in the nine families with a deletion (lod scores of 1.39-3.89 at a recombination fraction of0). Negative lod scores were obtained in the five families without a deletion suggesting that the disease locus in these families lies elsewhere. The end stage renal disease occurred at a more advanced age in patients without a deletion compared to patients with a deletion, indicating a phenotypic difference between these two groups.
(JMed Genet 1998;35:279-283) Keywords: familial juvenile nephronophthisis; 2ql3 deletion; haplotype analysis Familial juvenile nephronophthisis (NPH) is an autosomal recessive kidney disease that leads progressively to end stage renal failure.' Medullary cystic disease (MCD)' was previously considered as a separate entity but as it has clinical symptoms similar to NPH it has subsequently been considered to be the same disease.3 ' The term nephronophthisismedullary cystic disease complex refers to this entity.
The main clinical features of NPH are polydipsia and polyuria caused by decreasing urine concentrating capacity, growth retardation, and anaemia.'1 2 Renal histology shows characteristic but non-specific features which resem- Figure 1 The pedizrees of families [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] and haplotypes fo 3 1-2 2-2 1-3 studied. The following selection criteria were Figure 3 Summary of deletion, haplotype, and linkage data in 14 families with NPH.
HAPLOTYPE ANALYSIS AND LINKAGE DISEQUILIBRIUM
Most likely haplotypes for the markers studied were constructed manually whenever possible by assuming the minimum number of recombinations. The results are shown in figs 1 and 2. As families 1, 4, 7, 9-14 had apparently identical deletions, it was necessary to search for the possible existence of a founder effect behind this mutation. Evidence for a common ancestral disease associated haplotype was not cen  D2S340 NPH1 chromosomes 4  3  1  7  3  ---18  Normal chromosomes 2  8  3  5  2  ---20  D2S1889 NPH1 chromosomes -4  1  3  12  ---20  Normal chromosomes 1  4  1  3  11  1   --21  D2S1893 NPH1 chromosomes -9  5   -2  -4  -20  Normal chromosomes 1  2  3  1  5  3  5  1  21  tel   Table 2 Added pairzvise lod scores at different recombination fractions (0) between the NPHI gene and seven marker loci in NPH1 families with a deletion (A) and without a deletion (B) Table 2 shows the combined lod score values after deletion analyses dividing the families into two groups: those having a deletion (A) and those having no deletion (B). The families having a deletion gave positive combined lod score values between 1.39 and 3.89 at a recombination fraction of 0 with markers D2S176, D2S293, and D2S340. A recombination in family 14 places the NPH1 locus proximal to D2S160 which is in accord with the results obtained by others.14 15 17 Linkage to 2q13 could be excluded in families having no deletion by combined lod score values between -4.79 and -1.69 at a recombination fraction of 0.01.
GENEALOGICAL STUDIES
Common ancestors for four patients were found, thus forming family 14 (fig 2) , but not for the patients in families 1-13. The birth places of the parents and grandparents of the patients showed some accumulation in sparsely populated areas in western and central eastern parts of Finland. However, no definite regional clustering was seen (data not shown).
Discussion
The pathogenesis of NPH has remained unclear in spite of numerous research efforts studying the components of the thickened tubular basement membrane. Laminin and type IV collagen have been shown to have normal intensity and distribution by immunofluorescence with antibodies.7 Expression of the alpha 5 integrin fibronectin receptor has been found, suggesting altered cell substrate adhesion.8 Recent efforts have concentrated on attempts to isolate the NPH gene by positional cloning. Linkage analyses have localised the NPH1 gene to the interval between marker loci D2S293 and D2S121.15 16 The interval, estimated to be approximately 2 cM, has been further refined by flanking markers D2S 1888 and D2S 1890 by haplotype analysis. The latest progress towards the isolation of the NPHI1 gene has been the detection of homozygous deletions of 250 kb in the majority of the patients. 17 The availability of nine Finnish families with 12 NPH is genetically heterogeneous,'5 16 the NPH1 gene being responsible for approximately 85% ofthe purely renal form ofNPH. A rearrangement of 2q13 has been detected in 80% ofinbred or multiplex families and in 65% of families with sporadic patients.'7 In these previously studied families showing linkage to 2q13, the disease progressed to end stage renal disease before 21 years of age.'5 In a considerable proportion of our families (five of 14), linkage to the NPH1 region could be excluded and no deletions were seen. This implies that in Finland substantially more than 15% of the pure renal form of NPH is not linked to the NPH 1 region. Our patient series comes from a nationwide study with inclusion criteria similar to those applied in the linkage studies."3 14 The reason for the larger proportion of families without the deletion could be the exceptional population history of Finland, reflecting a single NPH mutation elsewhere than in 2q13 and enriched in the Finnish population.
In 
